The TEM images confirm at a glance that three nanopores with diameters of 3 -5 nm were simultaneously fabricated in the SiN membrane. The result clearly indicated that unoptimized breakdown process induced creation of multiple nanopores. Note that this phenomenon might be specific to the breakdown process when using MPVI. Figure S4 shows schematic image of a substrate with a membrane for nanopore fabrication, as previously reported [1] . Bead layer and polyimide layer are coated on the substrate as described in the main text. Table S1 represents typical nanopore variability data (N = 15) fabricated by MPVI process after optimization of parameters. The target current value is preset as 340 pA at 0.1 V, corresponding to 1.4-nm-diameter nanopore. MPVI process can fabricated the nanopores with diameter of 1.6 ± 0.15 nm, whose variation was quite small. This statistical data shows that MPVI can fabricate precisely and reproducibly a single nanopore. Table S1 . Nanopore variability data (N=15) fabricated by MPVI process. All nanopores were fabricated using the substrate possessing the 10-nm-thickness SiN membrane with beads and polyimide layer. I np is the ionic current at 0. 
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SI-3. Substrate with a membrane designed for nanopore fabrication
SI-5. Dwell time of ssDNA translocation for uncoated substrates
We investigated the dwell time of short ssDNA translocation for uncoated substrates. Figure S5 depicts typical log-scaled histograms of the dwell time for 60-mer poly(dA) passing through the 1.7-nm-diameter and 2.2-nm-diameter nanopores. The histograms were well-fitted to a single log-normal distribution and the characteristic dwell times (the peak position of the fitted curve) were 40 μs (1.7 nm) and 20 μs (2.2 nm), respectively. The obtained dwell time is sufficient longer than twice the filter rise time (2*Tr = 2*0.332/ f c = 6.6 μs at f c = 100 kHz) [2] . This result indicated that the measured events were not attenuated by the filter. Therefore, the obtained ssDNA translocation speeds were calculated as 0.6 μs/base (1.7 nm) and 0.3 μs/base (2.2 nm), which were consistent with the previsous reported values [3] [4]. Figure S5 . Log-scaled histograms of dwell times for 60-mer poly(dA) passing through nanopores using uncoated substrates. Nanopore diameters were 
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SI-6. Dependency of dwell time on the diameter of the nanopore with beads
To investigate the dependence of the dwell time on the diameter of the nanopore with nanobeads, we conducted the 60-mer ssDNA translocation experiments using nanopores with other diameters of 1.6 nm and 2.3 nm. Figure S6 represents the log-scaled histograms of the dwell time for 60-mer poly(dA) passing through nanopores. Similarly to Figure S5 , both histograms were well-fitted by a single log-normal distribution and the characteristic dwell times were 620 μs (1.6 nm) and 530 μs (2.3 nm), respectively. Accordingly, the translocation speed of ssDNA was calculated to be 10. 
